This article describes Planets' approach to digital preservation and places it in the context of the Open Archival Information System (OAIS) Reference Model. It also provides a scenario demonstrating Planets' usefulness in solving real-life digital preservation problems and an overview of the project's progress to date.
Introduction
Planets, Preservation and Long-term Access through Networked Services 2 , is a four-year research and technology development project that commenced in June 2006. It is cofunded by the European Union under the Sixth Framework Programme to address core digital preservation challenges. The primary goal for Planets is to build practical services and tools to help ensure long-term access to digital cultural and scientific assets. The Planets consortium involves sixteen partners across Europe and brings together expertise from national libraries and archives, leading research universities and technology companies. Planets is coordinated by the British Library. 3 Funded under the same Framework Programme are CASPAR (Cultural, Artistic and Scientific knowledge for Preservation, Access and Retrieval) 4 , coordinated by the UK Science and Technology Facilities Council and DPE (DigitalPreservationEurope) 5 , coordinated by the Humanities Advanced Technology and Information Institute (HATII) at the University of Glasgow. CASPAR develops solutions to the long-term preservation of scientific, cultural and artistic data. DPE fosters collaboration and synergies between existing national initiatives and aims to improve coordination, cooperation and consistency in current digital preservation activities. All three projects commenced in the first half of 2006 and are part of an ambitious European initiative aimed at keeping today's digital content alive in the future.
Plugging the Gap
The impetus for Planets comes from national libraries and archives across European which have the legal responsibility as well as the legislative framework to safeguard digital information and provide sustained access to digital cultural and scientific knowledge. While much progress has been made in digital preservation research in recent years, the current state of the art has fallen short of implementing integrated solutions to the preservation of large scale real life digital collections. Preservation Planning, the process of selecting the appropriate preservation strategy against organisational requirements and collection characteristics, for example, remains a manual one in practice. In addition, tools available for identifying file formats and extracting metadata only cover a limited range of specific formats and are often not specifically developed for preservation purposes. A fundamental problem with the current tools, including specific preservation tools which migrate digital objects to newer formats or emulate their original environments, is that they usually exist as stand-alone applications and are not geared to preserve a collection of digital objects, which can include embedded, complex objects in multiple formats. The tools cannot be easily combined to perform chained actions and there is little or no support for handling dynamic datasets or compound content. There is also a lack of methodology or testbed for comparing tools and accessing their effectiveness, making it difficult to plan, select and evaluate them.
Being most directly confronted with the challenges of digital preservation, the national libraries and archives have recognised the value of integrating the fragmented state of the art to introduce innovations that fill the gap in current understanding and practice. The intention is to provide an environment to encourage on-going development of tools and services and a framework that software vendors and commercial service providers can implement and augment. Achieving these ambitious goals goes beyond the capabilities of any single institution. Planets benefits from the complementary expertise of the partners and will consolidate existing and emerging technologies. The end product Planets aims to deliver is a range of tools and services, in the form of a downloadable "click-and-install" software package, that allows the administration, configuration, and deployment of preservation services and workflows. The Planets software supports a number of key preservation functions and will include the following components:
• Preservation planning services that empower organisations to define, evaluate, and execute preservation plans • Preservation characterisation services that can automatically analyse digital objects to establish significant properties • Preservation action services for rendering of digital objects and retaining the identified significant properties • A Testbed providing evidence-base for the objective evaluation of different protocols, tools, services and preservation plans • An Interoperability Framework that integrates seamlessly the tools and services to provide one easily managed preservation system
Planets Architecture
The Planets software architecture is rooted in the vision of a click-and-install framework that meets the strict demands of larger enterprises for secure scaleable deployment, the demands of smaller organisations for ease of use, as well as of software vendors, and third-party service providers.
The Planets software will be deployed in a wide range of environments. Some larger organisations, such as national libraries or archives, have strict requirements that they place on any software that they deploy. During the analysis phase, it became clear that Planets must support multiple application servers, databases, and authentication infrastructure. Furthermore, it needed to provide standard interfaces for monitoring, auditing, and logging. Some organisations have strict confidentiality needs that preclude any dependency on external services that might enable prying eyes to identify what sorts of content they are holding. Some smaller organisations need software that could be deployed on a single machine, whereas larger organisations had strict policies governing databases, computation, and network access to repositories.
These considerations drove the Planets team towards a flexible service-oriented architecture based on enterprise-quality components that could be deployed in a wide range of configurations.
Planets is not a repository project. Although there is some provision for temporary workspace that is required for analysing and manipulating digital material, Planets expects an institution to hold its content in a repository or archive system. Therefore, the Planets software components have been designed to work with a wide range of repository or archive systems. The most common usage pattern requires an adaptor to be defined for a specific product so that the Planets software is able to extract content and metadata, manipulate them, and possibly provide new content and metadata to the repository.
Preservation plans may comprise complex work-flows that involve extracting content from a repository, characterising it, using the results to select one or more services to treat, transform, or encapsulate the content, and then either returning the result to the repository with a detailed record of treatment, or providing a capability that can be used in a delivery environment so that end-users can get appropriate access. Thus, Planets needs to support the specification and execution of complex workflows.
The state-of-the-art in ingest protocols, repository software, delivery environments, and preservation tools and services are all emerging. Substantial development in all of these areas is expected over the coming years. As a result, the Planets architecture has to be evolvable and support radical extensions. Figure 1 provides an overview of the interactions which the Planets software framework has with an organisation's ingest, repository, and delivery services, as well as with third party tool and service providers. Typically, the content producers or consumers do not interact directly with the Planets software. Consider three scenarios: 1. In a content migration scenario, the Planets software would extract content from the repository, characterise it, select an appropriate migration service, apply the Ingest Repository Delivery
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Service Provider service to derive new content, validate the result, and then ingest the content back into the repository along with appropriate information about the process. The organisation's delivery component is then able to provide access to the derived content to consumers as appropriate. 2. In a plug-in scenario, the Planets software identifies content that the organisation's consumers are unable to effectively access; identifies a software tool, such as a browser plug-in, which would enable effective access; and packages the plug-in for the delivery component which provides it to consumers. 3. In an emulation scenario, the Planets software packages an emulator along with the required software so that the delivery component is able to provide consumers with an environment which enables interaction with the content.
It is important to note that content objects may be compound and that migration may require a many-to-many mapping of files. It is also worth noting that emulation environments may be essential for both quality assurance for migrations and as an element of a migration process. Rothenberg has referred to this latter activity as "vernacular extraction" [Rothenberg 2002 ].
Third party service providers provide an important extension to the framework. The services can be very fine grained, such as characterising a specific type of file or performing a specific type of migration. They may also be coarser grained, such as executing an entire preservation plan. Services may be provided within an organisation, or be fully independently hosted and costed. Figure 2 illustrates the key components of the Planets Interoperability Framework and its relationship to Planets applications, repositories and third party services. The Interoperability Framework establishes a service bus as well as essential shared services and components. These include the security component, which provides authentication and authorization services; the monitoring component, which provides flexible monitoring and logging services; the workflow execution engine, which takes workflows specified in the Business Process Execution Language (BPEL) and executes them in the context of the available Planets services; the transaction manager, which provides rollback and compensations for complex transactions which may be implemented by workflow elements; the exception handler, which provides a uniform set of services to register and handle exceptions that arise during service execution; a database or persistence layer; and workspace services so that workflows have appropriate levels of isolation. Services of every sort have basic definitions registered in the service registry. There are two important specialized registries -one for preservation actions, and one for content characterization services. In addition, repository services and third party services are also defined in the service registry.
The Interoperability Framework provides many of the key capabilities required to define and implement additional Planets application components. These include a workflow designer that provides preservation experts with the ability to define new preservation workflows in a graphical way and the administration tools that enable the framework administrator to configure components, define users, and allocate roles to them. The Plato preservation planning tool [Strodl 2007 ] and the Planets Testbed application are also layered on top of the Interoperability Framework.
Preservation Planning in OAIS Reference Model and Planets
The Open Archival Information System Reference Model is a conceptual framework for a generic archival system which is committed to a dual role of preserving and providing access to information. It became an ISO standard in 2003 and has been widely adopted and used to inform the development of preservation tools and repositories. • Monitor Designated Community: responsible for tracking preservation requirements and available technologies through interactions with consumers and producers.
• Monitor Technology: responsible for tracking emerging technologies, information standards and computing platforms to identify risk of obsolescence.
• Develop Preservation Strategies and Standards: responsible for developing and recommending strategies and standards to enable better anticipation of changes in requirements or technology trends.
• Develop Packaging Designs and Migration Plans: responsible for developing information package (IP) 6 designs, detailed migration plans, and their applications to specific holdings and submissions.
The above-mentioned is all the explicit mentioning dedicated to Preservation Planning in the 148-page long document describing the OAIS Reference Model. It is needless to say that this leaves a lot of room for imagination when it comes to its practical implementation. There are however references to additional requirements or functionalities scattered in different places in the document, which are not categorised as parts of the six high-level functional components. An example is one of the mandatory responsibilities of an OAIS: "Obtain sufficient control of the information provided to the level needed to ensure Long-Term Preservation" [CCSDS 2002, page 3-1] . Many of these could be regarded as necessary requirements for Preservation Planning as they help define and implement the function. Sierman [2007] offers a detailed analysis of the additional functionalities and describes how they are treated within Planets.
Sierman [2007] also presents a Planets Functional Model which includes the following high-level functions:
• Preservation Watch: monitors content, users, organisation, producer and technological environment to provide preservation requirements, updates Representation Information and provides alerts as to when preservation action needs to be undertaken.
• Preservation Planning: evaluates requirements and selects the most appropriate preservation solution. It also requests development of new preservation actions in the absence of an appropriate choice.
• Preservation Action: Performs actions on digital objects to ensure continued accessibility. Also develops new tools (e.g. migration tools, emulators) upon requests from Preservation Planning.
• Preservation Characterisation: provides support to ingest and preservation action activities. It identifies file formats and extracts metadata and compares characteristics of digital objects before and after a preservation action.
Although comparison between the high-level functions in the Planets Model and the OAIS does not yield a one to one mapping, Planets in essence can be regarded as a practical implementation of the OAIS Preservation Planning function. Planets has brought some key processes, such as migration within the Administration function, into Preservation Planning. Relevant, but sometimes implicit requirements for preservation planning in OAIS have been taken into account by Planets and brought together to form additional key processes.
Migration is the main digital preservation technique underpinning the OAIS reference model. Although hardware and software emulation have been discussed, they were at the time regarded as emerging but immature techniques worth significant comment [CCSDS 2002, page 5-12] . Within Planets, the role of preservation actions that take into account the hardware and software environment required to interact with content is clearly identified. Emulation services may be used both in the end-user setting as well as during migration or performing quality control on preservation plans. Planets is progressing three distinct approaches to emulation. First, it is essential to exploit the substantial cottage industry dedicated to developing emulators for specific machines. There is a wide range of such emulators, but making use of them can be complex. There are no established interfaces for the emulators themselves, so installing and invoking them can be time-consuming. Planets is developing a framework for describing, wrapping, installing, and invoking off-the-shelf emulation software, which includes commercial products and virtualisation tools. Second, many of the emulators have not been designed with their own longevity in mind. Planets is extending the Dioscuri modular emulation approach 7 to provide high-quality extensible emulation for specific families of hardware. Third, high-quality emulators are software products themselves with reliance on specific hardware and software environments. Planets is extending the Universal Virtual Computer approach [Lorie 200 ] with models for peripheral devices to provide an even more durable basis for emulation.
It needs to be pointed out that at this stage of the project, Planets focuses on the preservation of digital content, rather than the longevity of the digital repository holds the content, which has been addressed by the OAIS model. There are a number of areas 7 Dioscuri: modular emulator for digital preservation: http://dioscuri.sourceforge.net/ .
within the OAIS Preservation Planning function which Planets do not yet fully address, such as packaging design and software prototyping. Comparison and alignment with OAIS is an ongoing area of work within Planets. It is hoped that the experience of Planets will lead to refinement or extension of the OAIS reference model.
A Scenario in 2010
Although Planets focuses on the needs of libraries and archives, it is hoped that the Planets preservation framework will become widely applicable and can be implemented by organisations other than libraries and archives which have the responsibility to safeguard digital information. To demonstrate how Planets tools and services help solve real-life preservation problems, a delivery scenario for 2010 will illustrate what Planets could mean for a researcher looking for information on a specific topic online. This researcher, sitting at home behind his computer, browses e-journal articles published between 1999 and 2010. He finds a reference to an article stored at a European university. First, the researcher requests the full-text version of the article, which was published in 1999 and was originally stored in PDF 1.1. The viewer for PDF 1.1 does not run on current computers and the document has effectively become obsolete.
The University, like many others, has only a modest budget and cannot afford to employ digital preservation experts or develop its own preservation solutions. Maintaining a digital repository where the University's research outputs can be stored keeps the two full time repository staff busy. Fortunately they have implemented the Planets preservation framework which has allowed the University easy access to a range of preservation tools and services produced elsewhere in Europe and around the world.
A choice is offered to the user as to how he wants to render the article using Planets technology. He can:
• Look at the article with the original viewer, running under emulation.
• Launch a viewing tool that renders the article on screen, but provides no other functionality.
• Read and print a migrated version of the article in current software. A simple decision tool assists the researcher to make an appropriate choice based on his needs. The third option provides access to the significant properties required by the user, in a software environment he is familiar with. The researcher views the migrated document, noting a useful diagram which illustrates some particular aspects of the work. In the article the researcher finds a reference to the underlying research data that were made available at the time of publication. In 1999 these data were deposited in a data archive run by the organisation that funded the original research.
Each of the three solutions was created by a different developer. Each conformed to the

Since the time of deposit, the Archive has utilised the Planets Preservation Planning tools to characterise their collections, formulate appropriate preservation solutions and automatically record preservation metadata.
The researcher completes a retrieval request. In this request he has to fill in what properties of the data are essential for him and in what way he wants to re-use the data. Ideally the researcher would like to be able to interrogate the database as it was used way back in 1999. The request is sent to the data archive. The data is retrieved and delivered to the researcher in the requested format and the emulation process with the database is launched. The researcher is able to query the database and examine in detail the research and context behind the e-journal article he first discovered.
Progress to Date
Work within Planets broadly follows an iterative and incremental process which begins with requirements specification and requirements analysis, followed by design specification, implementation and testing. In order not to reinvent the wheel and to take advantage of the current state-of-the art in digital preservation, an element of requirement specification and analysis is to survey the current landscape and carry out gap analysis. The intention is to identify the tools currently available which can be leveraged within the Planets Interoperability Framework. Each iteration over the project lifecycle is expected to result in a certain piece of software, ranging from a primitive prototype to the final software release, which is the evaluated, consequently leading to a more elaborated and better tailored prototype. Early iterations of the software will not implement the complete functionality but include functions that are essential and thus achieve first useful results quickly.
Planets commenced in June 2006 and will complete in May 2010. Eighteen months into the project, Planets has completed the first iterative cycle and is in the process of refining requirements and specification, which will lead to more mature prototypes of the Planets software. Planets has made significant advances in developing the key components underpinning the Planets architecture, including registries for storing and accessing information about file formats, implementation of file migration tools as web services so that they can be included in distributed preservation workflows and prototypes of the Plato preservation planning tool, the Testbed and the Planets Interoperability Framework.
Among the early results of Planets, it is worth to highlighting two new XML-based languages for extracting and describing the essential properties of digital objects: The Extensible Characterisation Description Language (XCDL) and the Extensible Characterisation Extraction Language (XCEL).
Preservation planning relies on the characteristics of digital content held within a repository. Planets leverages excellent current tools, such as JHOVE for extracting file properties, and DROID for identifying file types. JHOVE takes a procedural approach which requires new code modules to be developed for each new format and existing modules to be extended or rewritten to extract additional properties. DROID uses a simple language that enables the identifying properties of many formats to be described. It does not extend to enabling properties to be extracted from specific digital objects. It is designed to answer the question "what is this?", not the questions "what properties does it have?". Preservation planning however requires the identification of many features of digital objects. For example, a page-oriented file format such as PDF might provide an excellent migration target format for office documents -but only if they do not use interactive features such as macros, complex formulae, or animated slide transitions. The Planets characterisation tools must be able to identify these and many other subtle properties.
This requirement has led to the development of XCDL and XCEL. XCEL moves well beyond the expressive power of the languages found in DROID and similar tools and aims at providing a general purpose capability for a very wide range of modern digital object structures. In addition to specifying the language, an execution engine has been developed that is capable of applying them efficiently to extract XCDL properties from specific objects. It is expected that these languages will support the next generation of DROID services.
Conclusion
Planets is making good progress and is on track for delivering digital preservation outcomes. Its work on integrating and automating key digital preservation processes should provide useful answers to the wider digital preservation community. The Planets preservation framework will enable organisations to improve decision-making about long term preservation, ensure long-term access to their valued digital content and control the costs of preservation actions through increased automation and scaleable infrastructure. Parallel to technological development, Planets' Dissemination and Take-up activities will ensure the widest possible adoption of results in the user community as well as enabling commercial tool and service providers to compete in a new market place for differentiated preservation services and tools.
